Abstract Four species of bacteria (Enterococcus faecium and Enterococcus faecalis, Lactobacillus plantarum and Lactobacillus paracasei) and three species of yeasts (Debaryomyces hansenii, Yarrowia lipolytica and Cryptococcus laurentii), previously isolated from Picante cheese, were cultured in ovine and in caprine milk and assayed for sugar and organic acids metabolism for 6 days. The results indicated that both milk types can be coagulated by the four strains of lactic acid bacteria. Lb. paracasei led to a faster and greater reduction in pH. Production of lactic acid correlated to lactose degradation, and was highest for Lb. paracasei followed by E. faecium; citrate metabolism was apparent for E. faecalis and, to a lesser extent, for E. faecium, Lb. plantarum and Lb. paracasei. Relatively high contents of formic acid were found when inoculation was with Enterococcus and with Lb. plantarum.
Introduction
Picante da Beira Baixa cheese (or simply Picante), a traditional cheese manufactured in Portugal from mixtures of ovine and caprine milk, originates from an Appéllation d'Origine Controllée region in Portugal, defined in 1988 . This variety of cheese, which is characterised by unique hardness, saltiness and spiciness, is manufactured manually, at the farm level only, and ripened for a minimum period of 120 days.
The inconsistency of milk quality and of its microflora, together with the lack of standardised processing, contribute considerably to high variations in physicochemical and biochemical cheese characteristics. Although Picante cheese is manufactured in the absence of starter/non-starter cultures, it is well known that the achievement and maintenance of high organoleptic and safety standards for this variety of cheese will eventually require production (and subsequent use) of microbial additives based on adventitious microflora. The major families present throughout ripening of Picante cheese are lactic acid bacteria and yeasts [1], with viable numbers above 10 7 cfu/g cheese ; the most abundant species of the former are enterococci (Enterococcus faecium, Enterococcus faecalis and Enterococcus durans) and lactobacilli (Lactobacillus plantarum and Lactobacillus paracasei), whereas those of the latter are Debaryomyces hansenii and Yarrowia lipolytica [2] . Smaller viable numbers were also reported for Enterobacteriaceae (which ranged from ca. 10 7 cfu/g cheese in fresh cheese to less than 10 2 cfu/g cheese by 80 days of ripening) and staphylococci (from ca. 10 6 cfu/g cheese in fresh cheese to 10 4 cfu/g cheese by 180 days of ripening) [1, 2] .
A few organic acids (e.g. lactic, propionic, succinic and acetic acids) have been shown to correlate to flavour characteristics of such cheeses as Cheddar, Swiss, Emmental, Tilsit and Edam [3] . The purpose of this research effort was to investigate the effects of production of organic acids by lactobacilli, enterococci and yeasts, previously isolated from Picante cheese, on ovine and caprine milk in order to assess their tentative role in glycolysis.
Materials and methods
Preparation of microbial cultures. Dominant species, previously isolated from Picante cheese and identified according to Freitas et al. [2] , were used in the present study. Four species of bacteria and three species of yeasts were isolated, namely two Lactobacillus strains (Lb. plantarum and Lb. paracasei) and two Enterococcus strains (E. faecalis and E. faecium) for the first microbial group, and D. hansenii, C. laurentii and Y. lipolytica for the second microbial group. Experimental inocula of lactobacilli and enterococci for milk and curdled milk experiments were obtained after growth for 18 h (which was the average time necessary to Preparation of milk feedstocks. Ovine milk from the Frízia breed and caprine milk from the Charnequeira breed were thermally processed at 110 7C for 10 min; this heat treatment does not damage the casein micellar structure or the fat globule network [4, 5] . Milk sterility was confirmed as absence of microorganisms on plate count agar (PCA) (Lab M) incubated at 30 7C for 5 days at a 1/10 dilution rate.
Experiments with milk. Milk portions of 40 ml were sterilised in 100 ml flasks using the procedure described. Then, 0.1 ml of each single-strain culture and 0.1 ml of a mixed inoculum were added to the sterilised milk and incubated at 30 7C; the mixed inoculum (denoted hereafter as tentative starter) had been prepared previously with a 2 ml inoculum of E. faecium, a 2 ml inoculum of Lb. plantarum and a 2 ml inoculum of D. hansenii. Sterile milk samples, incubated under identical experimental conditions, were used as controls. Microbiological counts, pH and the type of coagulation (strong curd, fine and grainy curd, or no curd at all) were determined at 0, 1, 3 and 6 days of incubation. To check for possible contamination, the microbiological counts were obtained simultaneously on PCA and on MRS agar for lactic acid bacteria, and on PCA and potato dextrose agar (PDA) for yeasts. Furthermore, microscopic observation using Gram staining for bacteria, as well as plain observation for yeasts was carried out; the catalase test was also performed for bacteria. Sugars and organic acids were quantified by HPLC via an ion exchange column using the following separation conditions: the flow rate was 6 ml/min of 5 mM H 2 SO 4 at 60 7C; the injection volume was 50 ml of sample; and the detection methods were refractive index at 30 7C for sugars and UV detection at 60 7C for organic acids. Samples were prepared according to Macedo and Malcata [6] by precipitation of 5.0 g of sample with 20.0 g of 1.0 M perchloric acid, standing overnight at 4 7C, centrifugation of 
Results and discussion
The compositional characteristics of the caprine and ovine milk used in this set of experiments are tabulated in Table 1 . The evolutions of the microflora viable numbers, pH and type of coagulation (if any) in sterile caprine and ovine milk inoculated with each selected strain of bacterium or yeast (and the corresponding controls) are shown in Table 2 . It should be emphasised that a slight reduction in pH was observed after sterilisation and throughout the 6 days of incubation at 30 7C in the control samples. This can probably be accounted
